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SPECIFICATION /l^ 

I. Title of the Invention 
Photodetector 

II. Claims 

1. A photodetector having a quantum well structure, 
characterized by adding an element C possessed as the bulk of above 
quantum well layer for increasing the energy gap to the quantum 
well layer AB of said quantum well structure which consists of a 
compound semiconductor crystal AB comprising elements A and B for 
forming the quantum well layer and a mixed crystal compound 
semiconductor A^.^^Cj^B (0 < x < 1) comprising elements A, B and C for 
forming a barrier layer, 

2. The photodetector described in Claim 1, characterized by 
that the above well layer is taken as A^.^^^C^D^B when the above 
quantum well is A^.^^C^B and the barrier layer is A^.^DyB. 

3. The photodetector described in Claim 1, characterized by 
that the above well layer is taken as AB^.^C^, by adding C to the 
above well layer when the above quantum well layer is AB and the 
barrier layer is AC. 

4. The photodetector described in Claim 1, characterized by 
that the energy gap of above well layer is taken to be large by 
adding an element D to the above well layer when the above quantum 
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well layer is Ai.^Bj^C and the barrier layer is BC . 

5. A photodetector having a quantum well structure, 
characterized by that on an InP crystalline substrate with the 
first conductive form, electrodes are formed on both side of a 
multilayer structure given by allowing the following layers to grow 
in order, respectviely : 

(a) an InP layer with the first conductive form or an Ino^sslGa^.^ 
Alj,)o.47As layer (0 < x < 1) , (b) a layer having a quantum well 
structure in which an Ino.53 (Gai_yAly) 0.47AS layer (0 < y < x) and an 
Ino.53 (Ga^.^Al J o.47^s layer (0 < z < y) are alternately laminated, (c) 
an InP layer or Ino.53 (Gai.^Alj^) 0.47AS layer and (d) an Ino.53 (Gao.47 )As 
layer with the second conductive form, 

12 

a wave-guide path for a light incident from one endface of above 
quantum well structure to outgo from the other endface is formed, 
and multiple independent electrodes are arranged in the traveling 
direction of said light. 

5. The photodetector described in Claim 5, characterized by 
that the combination of a quantum well layer and a barrier layer is 
any material system of ZnSe/ZnTe, InGaSb/GaSb, InGaP/InAlP, GaSb/ 
AlGaSb, respectively in the above quantum well structure. 

7. The photodetector described in Claim 5, characterized by 
that the layer having the above quantum well structure is a multi- 
layer film in which an Ini.^Ga^^ASi.^Pv layer and an Ini_tGatASi_^P,, layer 
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(0 ^ 0 < V ^ 1, 0 :^ w, u < t) are alternately laminated. 

8. A photodetector having a quantum well structure, 
characterized by that on a GaAs crystal substrate having the first 
conductive form, electrodes are formed on both side of a multilayer 
structure given by allowing the following layers to grow in order, 
respectively: 

(a') an Al^.gGasAs layer (0 < S < 1), (b' ) a layer having a quantum 
well structure in which an AlGaAs layer (0 < r < 1) and an AlAs 
layer are alternately laminated and (c' ) a GsAs layer having the 
second conductive form, a wave-guide path for a light incident from 
one endface of above quantum well structure to outgo from the other 
endface is formed, and multiple independent electrodes are 
arranged in the traveling direction of said light. 

9. The photodetector described in any of Claim 1 to Claim 8, 
characterized by that the above quantum well structure is a 
structure given by adding some Al or P into a quantum well. 

III. Detailed Description of the Invention 
(Field of Industrial Application) 

This invention relates to a photodetector having the wave- 
length selectivity which enables to detect an incident multiwave- 
length light independently. 

(Prior Art) 

In the optical communication, the transmission of light with 
a single wavelength has mainly been put to practical use so far, 
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but a wavelength-multiplexed light transmission mode which can 
transmit a higher density of information by one optical fiber cable 
has been studied recently. Spectrometers for sorting a multiwave- 
length light, etc. are needed and respective photodetectors for 
respective wavelengths are necessary, thus the constitution is 
complicated and becomes expensive. The impartation of a wavelength 
selecting function to the detectors themselves has been proposed 
and tested {Applied Physics Letters, 47, 866 - 868 (1985), American 
Applied Physics Society) as one of methods for solving these 
problems . 

Its principle consists in that a quantum well structure is 
adopted, an electric field is applied perpendicularly to its 
layers, and an effect of shifting absorption spectra to the long- 
wavelength side is utilized. Fig. 8 shows this effect, i.e., the 
applied voltage dependence of light absorption current spectra when 
a light is incident parallelly upon layers in a quantum well 
structure consisting of GaAs and Alo.25Gao,75As (100 A/50 A) . Namely, 
if electrodes 6-1, 6-2 of Fig. 1 are equalized and a reverse 
voltage is applied to the elements, its absorption spectra are 
shown as Fig. 8, and the absorption peaks shift to the long- 
wavelength side. Therefore, for example, lights of 850 nm and 870 
nm in wavelength can be detected independently as Ai, A2 because the 
wavelength of absorbed lights is changed corresponding to the value 
of applied voltage. By this effect, the absorption spectral change 
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is steeper than common bulk because the quantum well structure is 
adopted. 

[Subject to Be Solved by the Invention] 

In the above prior art, however, the range of wavelength shift 
is limited (a shift of about 200 A by applying 18 V in the above 
prior example), the applied voltage also naturally has a limitation 
and a crosstalk between different wavelengths, therefore it was not 
said to be sufficient. 

The present invention is aimed at obtaining a photodetector 
which has a large change of absorption-end wavelength by low- 
voltage driving and a high-efficiency wavelength selectivity. 

[Means for Solving the Subject] 

The above purpose is achieved by thickening the well layer in 
the quantum well structure and making the composition of said well 
layer to InGaAlAs, InGaAsP or GaAlAs. 

/3 

[Actions] 

It has been known that when an electric field is 
perpendicularly applied to a quantum well layer, the energy shift 
at the absorption end thereof is proportional to the biquadratic pf 
thickness Lz of said quantum well in a low electric field, and a 
structure with a large Lz had better be used to obtain a large 
energy shift (G. Bastard et al.. Physical Review B, 28, 3241 - 3245 
(1983)). 
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On the other hand, if the thickness of said quantum well is 
increased, the quantum size effect reduces, the absorption-end 
energy of said quantum well decreases as well as the vibrator 
intensity based on an exciton (electron-hole pair) reduces with Lz. 
In Fig. 9, the well width Lz dependence of electric field effect of 
this absorption peak shift is examined for a multiple quantum well 
taking a quantum well layer, which lattice matches with an InP 
substrate of InGaAs/InP series, as Ino.53Gao.47As and a barrier layer. 
Solid lines represent calculated values and plotted points 
represent experimental values, and it is judged that they are 
nearly in a good agreement with the above calculated values, the 
greater the Lz, the bigger the energy shift. However, this 
absorption-end energy is 1.46 ]im for Lz = 70 A while 1.605 p.m for 
Lz = 100 A, a large absorption exists at Lz = 100 A for commonly 
well used wave-length 1.55 ]im band regardless of the presence or 
absence of an electric field, thus this is unsuitable. Such results 
are also the same when Ino.52Alo.48As lattice matching with InP is 
used in the barrier layer, this is because its absorption-end 
energy is decided by the layer thickness of said quantum well 
layer. Accordingly, if some Al or P is added to the quantum well 
InGaAs to increase the layer thickness while increase the 
absorption-end energy, the absorption-end energy can be fixed to 
1.5 lam while have a large energy. Based on such an examination, the 
energy shift of a quarternary quantum well layer In^.^.yGa^AlyAs 
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lattice matching with the InP substrate under an electric field of 
100 kV/cm is expressed as a function of the Al amount under a 
condition that the absorption-end is fixed to 1.5 jam at the 
electric field of 0 in Fig. 10. Moreover, the energy gap of said 
quarternary well layer as bulk is also shown at the same time. It 
is known that the shift amount increases with thickening the width 
of well by adding a very little Al . Generally, if the composition 
of well shifts to the direction in which the energy gap increases, 
the energy difference with the barrier layer decreases and the 
quantum size effect reduces, but the change of energy difference is 
not signifcant and the reduction of quantum size effect is also 
little because only an extremely small Al is added in this 
invention. Actually, when a quantum well of thickness 100 A and 30 
cycles was prepared (barrier InAlAs 50 A) , a quantum effect is 
clearly observed as shown in Fig. 11. Fig. 11 shows the voltage 
dependence of light absorption current of a quantum well structure 
when a light is parallelly incident upon the quantum well layer 
based on the present invention in which a little Al is added, a 
clear exciton absorption is observed at room temperature, and a 
shift of its absorption peak to the long-wavelength side due to 
voltage is large. A shift of about 600 A exists at an applied 
voltage of 6 V, this shift amount is also about three times as much 
as the shift amount of a ternary Ino.53Gao.47As well (well width about 
70 A) due to voltage with an absorption peak of same position as 
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an absorption peak at the applied voltage of 0, thus the 
effectivenss of present invention was confirmed. Fig. 12 shows the 
energy shift in the case of applying the present invention to an 
InGaAsP quantum well which lattice matches with InP, and its 
condition is same as Fig. 10, Namely, when the electric field 
intensity is fixed to 100 kV/cm and the absorption end at the 
electric field of 0 is fixed to 1.5 jam, the proportion of InGaAs 
in InGaAsP is taken as a function. It is known that the energy 
shift greatly changes due to the addition of only a little P. For 
example, it can be expected that the shift amount becomes double or 
more by 5% P addition as compared with InGaAs. 
[Actual Examples] 

Next, actual examples of present invention is illustrated with 
drawings. Fig. 1 is a schematic diagram showing Actual Example 1 of 
a photodetector based on the present invention, Fig. 2 is a chart 
showing the photoresponse waveform of above Actual Example 1, Fig. 

3 is a diagram showing Actual Example 2 based on the present 
invention. Fig. 4 is a diagram showing Actual Example 3 based on 
the present invention. Fig. 5 is a diagram showing Actual Example 

4 based on the present invention, and Fig. 6 is a diagram showing 
Actual Example 5 based on the present invention. In the Actual 

/4 

Example 1 as shown in Fig. 1, an Ino.52Gao.48^s clad layer 2 is 
allowed to grow on an InP substrate, a multiple quantum well 
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' structure 3 composed of an InGaAlAs quantum well layer and an Ino.52 

Gao.48As barrier layer is formed thereon, an InAlAs clad layer 4 is 
attached thereto and an InGaAs gap layer 5 is further laminated. 
For a mesa shape of sample shown in Fig. 1, the width is 36 lam and 
the length L of interaction with light is 55 - 340 lam. The diagram 
shown in Fig. 2 is the photoresponse waveform of above sample, when 
a light of 615 nm in incident light wavelength and 300 fsec in 
half-value width is irradiated perpendicularly on the cleavage 
plane of above sample, a voltage induced as a photodetection wave- 
form is shown at both ends of sample. A rise of 30 psec and a fall 
of 140 psec are obtained, thus a high-speed responsibility is 
proved. 

In Actual Example 2 shown in Fig. 3, multiple electrodes 6-1, 
6-2, 6-3 are arranged in the traveling direction of light, the 
voltage applied to the above electrodes is changed according to the 
incident light wavelength and the detection wavelength can be 
selelcted. Namely, the applied voltage is made to 1 V in the first 
electrode 6-1 so that a light of 1.51 ijm in wavelength can be 
received, the applied voltage is made to 3 V in the second 
electrode 6-2 so that a light of 1.53 lam in wavelength is received, 
and the applied voltage is made to 6 V in the third electrode 6-3 
so that a light of 1.55 p-m in wavelength is detected. For the 
electric separation of said electrodes, an electric insulation is 
prepared by a proton driving (120 keV, dose 5 x 10* cm"^) and making 
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its depth to be same as the depth of combining the p-InAlAs clad 
layer 4 with the p-InAlAs gap layer 5. The resistances among the 
electrodes is over 1 GQ. The element capacity is also reduced by 
proton driving for accelerating in the diagram. 

In Actual Example 3 shown in Fig. 4, ion milling or dry 
etching separation grooves are formed for the separation of 
electrodes 6-2, 6.3, 6-4, 6-5. Because the electric separation may 
also be made without using the proton driving and incident lights 
Ai, A2, X3, pass through segments then come out to air in this 
case, there is a reflection of lights and a possibility of losing 
the detection sensitivity. 

Actual Example 4 shown in Fig. 5 is devised by making a mesa 
structure for low capacity so as to detect a light, and the 
electrode separation based on the proton driving is easy. 

In Actual Example 5 shown in Fig. 6, a ridge-like waveguide 
path is prepared for transverse mode individualization and low 
capacity, and grooves formed by ion milling or dry etching are 
utilized for electric insulation. In both Fig. 3 and Fig. 4, the 
shift of absorption peak wavelength is big because of a large 
electric field effect by adoption of a quarternary quantum well, a 
higher wave-length selectivity and a smaller crosstalk than prior 
examples are achieved by a low applied voltage, thus the usefulness 
of present invention is confirmed. Moreover, the insulation may 
also be made by performing the proton driving in place of the 
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grooves . 

Furthermore, the combination of a quantum well layer/a barrier 
layer of InGaAlAs/InAlAs, InGaAsP/InP long-wavelength materials was 
given in the description of present invention, but other material 
systems such as GaAlAs/AlAs, ZnSe/ZnTe, InGaSb/GaSb, InGaP/InAlP, 
GaSb/AlGaSb, etc. can also be applied. Still more, the case of 
lattice matching with the InP substrate crystal was described, but 
the above effects certainly exists without the lattice matching, 
therefore, it is possible to apply the present invention in a wide 
wavelength range. 

[Effects of the Invention] 

As described above, the photodetector based on the invention 
enables to realize a photodetector having an efficient wavelength 
selectivity because the absorption-end energy is not changed and 
can be fixed to a useful wavelength by selecting the composition of 
materials adopted in the quantum well even if the well width is 
thickened and a large absorption-end wavelength shift is given by 
a low voltage application by forming electrodes on both side of a 
multi-layer structure given by allowing the following layers to 
grow in order, respectively: (a) an InP layer with the first 
conductive form or an Ino.53(Gai_^ Al^)o.47As layer (0 < x < l),(b) a 
layer having a quantum well structure in which an Ino.53 (Gai.yAly) 0.47AS 
layer (0 < y < x) and an Ino. 53 (Ga^.^AlJ 0.47^2 layer (0 < 2 < y) are 
alternately laminated, (c) an InP layer or Ino.53 (Gai_j,Alj,) 0.47AS layer 
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and (d) an Ino.53 (Gao.47 )As layer with the second conductive form, 
forming a wave-guide path for a light incident from one endface of 
above quantum well structure to outgo from the other endface and 

/5 

arranging multiple independent electrodes are arranged in the 
traveling direction of said light on an InP crystalline substrate 
with the first conductive form in the photodetector having the 
quantum well structure, 

IV. Simple Description of the Drawings 

Fig. 1 is a schematic diagram showing Actual Example 1 of a 
photodetector based on the present invention, Fig. 2 is a chart 
showing the photoresponse waveform of above Actual Example 1, Fig. 

3 is a diagram showing Actual Example 2 based on the present 
invention. Fig. 4 is a diagram showing Actual Example 3 based on 
the present invention. Fig. 5 is a diagram showing Actual Example 

4 based on the present invention, and Fig. 6 is a diagram showing 
Actual Example 5 based on the present invention. Fig. 7 is an 
oblique view of a prior wavelength selection photodetector. Fig. 8 
is a chart showing the applied voltage dependence of light 
absorption spectra in the above prior example, Fig. 9 is a diagram 
showing the well width dependence of absorption peak shift in the 
above prior quantum well structure. Fig. 10 is a diagram of 
relationship between energy shift and Al addition for an In^.^. 
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yGa^^AlyAs/InP quantum well structure. Fig. 11 is a chart showing the 
voltage dependence of absorption current spectra for 
InGaAlAs/InAlAs quantum well structure, and Fig. 12 is a diagram 
showing the relationship between energy shift and P addition for an 
InGaAsP/InP quantum well structure. 



1 substrate 

2 - first conductive form clad layer 

3 multiple quantum well structure 

4 second conductive form clad layer 

5 gap layer 

6 •■- p-side electrodes 6-1, 6-2, 6-3, 6-4, 6-5 

7 n-side electrode 



Keys to Figure 1: 

(1) 30 cycles; (2) • light 

Keys to Figure 2: 

1 substrate; 2 first conductive form clad layer; 3 multiple quantum 
well structure; 4 second conductive form clad layer; 5 gap layer; 
6 p-side electrodes 6-1, 6-2, 6-3, 6-4, 6-5; 7 n-side electrode 
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Keys to Figure 7 : 

(1) non-doped superlattice 
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Keys to Figure 8 : 

(1) Light absorption current (any graduation); (2) Wavelength (nm) 
Keys to Figure 9 : 

(1) Energy shift (meV) ; (2) experimental values; (3) Calculated 
value 

Keys to Figure 10: 

(1) Wavelength (lam) ; (2) Energy shift (meV) ; (3) well width 
(4) well constitution bulk absorption-end wavelength; (5) InAlAs 
proportion in InGaAlAs 

Keys to Figure 11: 

(1) Light absorption current (any graduation); (2) Wavelength (lam) 
Keys to Figure 12 : 

(1) energy shift; (2) well width; (3) (•) Energy shift (meV) ; 

(4) (o) Wavelength (um) ; (5) (a) Well width (A); (6) wavelength; 
(7) InAlAs proportion in InGaAlAs 
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